Abstract Low back pain is very disabling and dispiriting because of the physical impediment it causes and its psychological effects. Innumerable factors have been implicated in its etiology. In spite of improvements in diagnostic modalities, a considerable number of such cases fall in the ambiguous zone of unknown etiology or 'idiopathic.'Early diagnosis of low back pain will allow effective prevention and treatment to be offered. This study was conducted to assess the contribution of vitamin D levels and other biochemical factors to chronic low back pain in such cases. All patients attending the orthopedics OPD for low back pain in whom a precise anatomical cause could not be localized, were prospectively enrolled in this study. We measured serum levels of glucose, calcium, phosphorus, uric acid, rheumatoid factor, C reactive protein, alkaline phosphatase, total protein, albumin and 25 (OH) D concentrations in 200 cases and 200 control samples. The patients showed significantly lower vitamin D levels compared to controls with p value \ 0.0001. The maximum number of low back pain patients were in the age group of 31-50 years (42 %).The average BMI was 23.27 ± 5.17 kg/sq m, 73 % of total patient population were females and 27 % were known case of type 2 diabetes mellitus. Calcium, alkaline phosphatase, was positively correlated with vitamin D and glucose showed a negative correlation with vitamin D in the patient population. The problem of low back pain provides a challenge to health care providers. The problem in developing countries is compounded by ignorance to report for early treatment and occupational compulsions in rural areas and sedentary lifestyle in urban youth. The authors strongly recommend early frequent screening for vitamin D along with glucose, protein, albumin, calcium, phosphorus, CRP as part of general health checkup for non-specific body pain, especially low back pain.
role in the development and maintenance of a healthy skeleton throughout life. Experts largely agree that this fatsoluble pro-hormone is vital to bone health.
Due to the important role it plays in calcium homeostasis and bone mineralization. A number of studies have been done to assess the vitamin D status in subjects with nonspecific back pain where no organic cause could be ascertained. The results have largely been contradictory. A meta-analysis of 22 studies found no statistically significant link between vitamin D levels and chronic pain syndromes. However some studies hint towards a cause effect relationship between vitamin D levels and pain [3, 4] .
It has been reported by various researchers that Indians have a very precarious vitamin D balance in spite of ample sunlight exposure due to dietary imbalances and aesthetic reasons. Hence evaluation of vitamin D status among Indians with back pain may reveal interesting trends. So, this study was designed to assess specifically the levels of vitamin D and some other biochemical factors in patients presenting with idiopathic low back pain.
Materials and Methods

Place of Study
This was a single center cross-sectional prospective study of patients presenting consecutively to the department of orthopaedics with back pain. The study was conducted at XXX over a period of 2 years.
Study Population
Inclusion criteria for recruitment as subjects were symptomatic men and women, age more than 18 years. The presenting symptoms taken for inclusion were difficulty in squatting/getting up from squatting position/climbing stairs, difficulty in using oriental toilets, difficulty in attending prayers in the sitting position, and altered gait. A number of conditions amounted to exclusion from the study. Patients with hepatic, renal, dermatological disorders, alcoholics and pregnant women were excluded from the study. Also, patients with clinico-radiological evidence of rheumatoid arthritis, fracture dislocation, tuberculosis, tumor of spine, prolapsed intervertebral disc, lordo-scoliosis, were excluded from the study. History of surgery, hospitalization, or major medical illness within the past one year and history of hormone replacement therapy, intake of glucocorticoids, biophosphonates, teriparatide, and other drugs affecting bone metabolism also amounted to exclusion from the study. Intake of conventional calcium or vitamin D supplements was not considered an exclusion criterion. The controls were chosen from the volunteers in the departments of biochemistry and orthopaedics. Sunlight exposure and dietary intake of calcium or vitamin D were not measured due to managerial and administrative constraints.
Methodology
All subjects were enrolled after obtaining a written informed voluntary consent. They were subjected to a complete history and physical examination geared towards assessing bone and mineral status. The data was recorded according to a prepared Proforma which included anthropometric data.
Biochemical Analysis A 12-16 h fasting sample of blood collected from median cubital vein and stored at -20 degree C till further analysis. The tests performed included fasting plasma glucose (FPG), calcium, phosphorus, alkaline phosphatase, uric acid, 25-hydroxy vitamin D, C reactive protein (CRP) and Rheumatoid Factor (R.A. Factor). PTH could not be assayed because of resource limitation.
Assay Methods
Blood sugar, calcium, phosphorus, alkaline phosphatase and uric acid levels were measured on fully automated biochemistry analyser (AU 480) using commercially available kits. 25 OH vitamin D was measured by ELISA using commercially available kit supplied by DRG International (USA) while R.A. Factor was assayed by ELISA kit provided by Biolegend. CRP was estimated by commercially available immune-turbidimetric kit by Randox on AU 480 autoanalyser.
Statistical Analysis
Data are presented as mean ± standard deviation. Student's t test was used to compare the data. Pearson's coefficient was calculated for the correlation. p \ 0.05 was considered significant.
Observations
In our study, a total of 200 low back pain patients' data were evaluated. The patients were divided into four groups according to age so as to ascertain the age group in which back pain is more prevalent. This is important keeping in mind incapacitation caused by back pain and its consequent economic repercussions. Our study revealed that 42 % of the patients were in the age group of 31-50 years followed by 39 % cases in 51-70 year age group, 15 % cases were B30 years and 4 % were C70 years. Table 1 shows the biochemical and anthropometrical data of the low back pain patients [n = 200] attending the orthopedics OPD. The low vitamin D level in the subjects with back pain is evident from the table. CRP is a non-specific marker of inflammation and its levels decrease with therapy. The high levels in our study could an indication of low grade chronic inflammation in our subjects. RA factor ia an antibody level that rises in rheumatoid arthritis. However a positive R.A. Factor test does not always reinforce RA as there are several other conditions that can also give positive R.A. Factor results. Healthy people without RA can also test positive for R.A. Factor, particularly older people [5] . The sole complaint of low back pain was seen in 55 % patients and associated knee joint pain in 35 % and associated shoulder pain in 10 % cases. Fifty four patients were known cases of diabetes mellitus, 45 had thyroid disorder and 36 were known to have high blood pressure ( Table 2 ). Table 3 shows the level of 25 OH vitamin D in cases and controls. It was significantly lower in cases compared to controls (p \ 0.0001). The CRP and RA factor levels were higher in the cases as compared to the controls. The nonspecific nature of CRP and the elevation of RA factor in conditions other than rheumatoid arthritis could be the possible reasons behind this finding.
We then compared individual parameters among the different age groups as well as ascertained the prevalence of the various biochemical risk factors among the subjects. Approximately 6 % of patients had calcium less than 8.5 mg/dl. Vitamin D levels were insufficient (less than 30 ng/ml) in 50 % of the subjects with back pain. FPG was We then divided all the patients' age wise into four age groups, B30 years, 31-45 years, 46-60 years and C61 years, calculated the means of all parameters (Table 4) and performed ANOVA to see if the differences were statistically significant between the different age groups. CRP showed a significant difference in the four age groups. Vitamin D levels demonstrated a decreasing trend with increasing age with deficient levels in subjects aged more than 60 years. A similar trend was observed for serum calcium levels denoting the positive effect vitamin D levels have on calcium levels. Calcium (Fig. 1) , alkaline phosphatase (Fig. 2) , were positively correlated with vitamin D and glucose (Fig. 3) showed a negative correlation with vitamin D in the patient population. The positive correlation between calcium, vitamin D and ALP levels is self-explanatory owing to the interplay between these factors in bone metabolism. This negative correlation between vitamin D and glucose levels can be explained by the role of vitamin D in insulin signaling and its role in maintenance of glucose tolerance. 
Discussion
Low back pain (LBP) is defined as pain localized in the area below the costal margins and above the inferior gluteal folds. [6] It is a disorder afflicting a large chunk of the population both in the young as well as the older age groups owing to a multitude of aggravating factors. The sedentary lifestyle and improper posture are the main culprits. In a sizeable number of such subjects, no anatomic defect can be discerned making management of these idiopathic cases difficult. Chronic pain is more prevalent in older women as compared to men [7] . In our study there were 146 females and 54 males in patient group. This can be attributed to differential work profiles as well as precarious nutritional status of women owing to social and economic factors. The back pain in post-menopausal women can be attributed to decreased bone mass, sarcopenia, vertebral fractures, and inflammation. All these findings have been associated with vitamin D deficiency [8] .
The higher rates in urban populations as compared with rates in rural populations and the sharply higher rates among workers in enclosed workshops of low-income countries suggest a disturbing trend: LBP prevalence may be on the rise among populations owing to incessant urbanization and rapid industrialization. Therefore it is pertinent to identify the causes and plan subsequent individualized therapy for back pain. In our study we have attempted to evaluate the role of hypovitaminosis D as a probable etiological factor in idiopathic chronic back pain. The vitamin D status is assessed by serum 25 hydroxy vitamin D owing to its longer half-life and stability. Serum 25 (OH) D is a potent indicator of total body vitamin D, the main regulator hormone in calcium and vitamin D metabolism. [9] Vitamin D deficiency may be without florid signs like bone tenderness in around 63 % patients, [10] an important finding, as without bony tenderness and without proper awareness on the part of physicians, vitamin D deficiency can easily be overlooked. Severe vitamin D deficiency causes a reversible myopathy characterized by muscle weakness, wasting, and instability of gait. The etiology of this myopathy is multifactorial and attributed to secondary hyperparathyroidism, hypocalcemia, hypophosphatemia, and calcitriol deficiency itself [11] . The direct association between vitamin D deficiency and myopathy was underscored with the finding of vitamin D receptors (VDR) in skeletal muscle.
Bischoff-Ferrari et al. reported from their study on 4,100 individuals that 25 (OH) D concentrations between 40 and 94 nmol/L were associated with better musculoskeletal function in the lower extremities than are concentrations \40 nmol/L In both active and inactive ambulatory persons aged [ or = 60 y [12] . Furthermore, vitamin D improves postural and dynamic balance, both of which are independent and significant fall predictors. A 2004 metaanalysis found that vitamin D supplementation as compared with calcium alone or placebo reduced the risk of falls significantly (22 %) in both ambulatory and institutionalized elderly subjects. A potential role of vitamin D in initiating protein synthesis in musculature was suggested [13] .
A number of mechanisms have been proposed to explain the pathogenesis of back pain in vitamin D deficiency. Continuous regeneration of nerve cells runs smoothly only when adequate vitamin D is present. Studies have shown that vitamin D supplements helped those with nerve pain. Vitamin D deficiency promotes skeletal muscle hypersensitivity and sensory hyper-innervation [14, 15] Inflammation exacerbates pain, impairs healing, and causes further structural damage to the back. Vitamin D deficient people have much higher levels of inflammatory markers than those that get enough vitamin D. Adequate vitamin D decreases this inflammation and has been shown to alleviate lower back pain. Up-regulation of MKP-1 by vitamin D is the novel pathway by which vitamin D inhibits LPSinduced p38 activation and cytokine production in monocytes/macrophages [16] . RANK-RANKL osteoprotegerin system, modulated by vitamin D, directly influences the release of pro inflammatory cytokines. It is now known that vitamin D deficiency makes muscles weaker and that vitamin D repletion boosts muscle strength [17] .
Schreuder et al. conducted a study on the effect of vitamin D supplementation for nonspecific musculoskeletal pain in Non-Western immigrants in Netherlands. They reported a positive effect of vitamin D supplementation in such subjects [18] . A number of theories were put forward to explain this phenomenon. Noteworthy among them included the rapid nongenomic influence of vitamin D on the metabolism of muscle cells [19] , growth of muscle fibers by a slow genomic effect on muscle cells, and a nonspecific effect on the central or peripheral nervous system pointing towards a anti depressive influence of vitamin D thereby affecting food intake [20] . Kalra et al. reported that vitamin D levels were less than 10 ng/mL in 55.55 % cases and between 10 and 30 ng/mL in 38.46 % of patients with back pain. Thus, the prevalence of vitamin D deficiency and insufficiency was 220/234 (94.01 %) in his cohort of North Indian patients with musculoskeletal complaints [21] . Our findings are in accordance with Kalra et al.
We observed a negative correlation between vitamin D and glucose levels in the patient population. According to a recent Indian study by Bachali et al., the mean 25 (OH) D level was significantly lower (20.09 ng/ml) in type 2 diabetes compared to controls (23.89 ng/ml) and 25 (OH) D levels negatively correlated with homeostasis model assessment-Insulin Resistance (HOMA-IR) in total subjects. They concluded that vitamin D has a decisive role in glucose metabolism and its deficiency can result in insulin resistance and diabetes. [22] . We also demonstrated a similar trend among our cohort of patients with back pain. Stümer et al. [23] and Gebhardt et al. [24] observed a strong association between pain severity and CRP levels in patients with sciatic pain but not in those with chronic LBP. CRP-an acute phase reactant is an indicator of low grade inflammation. The higher level in our cases denotes the probable role of inflammation in back pain [25] .
Our findings provide a plausible explanation as well as justification for advocating dietary supplementation as well as therapeutic medication to achieve euvitaminosis D in musculoskeletal pain patients. It is also of utmost importance to initiate population based screening for vitamin D status especially in at risk populations. A holistic approach inclusive of appropriate sunlight exposure, vitamin D & calcium supplementation and appropriate physical exercise is necessary to mitigate the morbidity induced by the incapacitations caused by abnormal vitamin D homeostasis.
